Objective: A review of the literature was undertaken to identify the nutritional needs of elderly MOW consumers and factors affecting the ability of existing programs to meet those needs. The focus was on the Australian experience but drawing on the world literature. Design: Keyword search of English language based computer databases of the medical and health literature. Results: Several studies suggest the nutritional intake of MOW consumers is below recommended levels, although the risk of nutritional de®ciency has not always been identi®ed. The literature indicates the effectiveness of Meals on Wheels programs are affected by a range of issues including the appropriateness of nutritional standards, menu selection, portion control, level of consumption and customer satisfaction. The literature recommends control of time and temperatures associated with food handling procedures, along with education of providers and customers, to assist in the provision of a safe food supply. Conclusions: Meals on Wheels is an important service, providing meals to housebound consumers. While the effectiveness of such programs is dependent on a range of variables, the nutritional impact of the service and the standard of food hygiene are fundamental assessment criteria.
Introduction
Home-delivered mealsÐ`Meals on Wheels' are an important nutritional service to house-bound people in many countries. In New South Wales in the month of May 1997, there were 251 Meals on Wheels centres supplying meals to a total of 18 865 consumers (NSW Meals on Wheels Association, 1997).
In the future, demands on these services can be expected to increase due to the aging nature of the Australian population. The most recent census in 1996 indicated that the proportion of the Australian population aged 65 years and over was 12.1%, an increase of 1.1% from the 1991 census (Australian Bureau of Statistics, 1996) . In recognition of the importance of improving the health of the elderly, the NSW Health for All Report (Department of Health, 1989) has nutrition and the health of older people as two of its ®ve priorities.
Despite the diversity in Meals on Wheels services in NSW the major aim of each service is the same. The Commonwealth Department of Health (Commonwealth of Australia, 1977) cites this as`to improve the health of the home-bound consumer by providing a nutritious meal.' However despite the size and the important role of the service, the extent to which the Meals on Wheels program is successful in achieving this goal has not been extensively evaluated.
This literature review identi®es the nutritional needs of those receiving Meals on Wheels (MOW), outlines existing programs related to the provision of nutritional advice to Meals on Wheels programs and identi®es reasons for success or failure. Recommendations are made based on an analysis of the current literature.
Results

Socio-demographic pro®le of meals on wheels consumers
In order to meet the nutritional needs of a population it is important to identify the demographic characteristics of the group being serviced. Factors such as age, gender, social status, mobility and living arrangements have all been shown to in¯uence the dietary patterns of the elderly (Krondl et al, 1982) .
De Graaf et al (1990) surveyed a Meals on Wheels service in a Dutch urban community and found that those receiving Meals on Wheels were older, more likely to be widowed and live alone, had less social contact and were less mobile compared to the general population. He concluded that consumers of the Meals on Wheels service were a more nutritionally vulnerable group of the elderly. Stevens et al (1992) identi®ed a number of factors that in¯uence the nutrient intake of participants in a homedelivered meal program, including needing assistance shopping for food, and cooking as well as the percentage of meals eaten alone. She concluded that the consumers who needed help with shopping, cooking or both warranted special attention and that identi®cation of these factors is important in the appropriate provision of nutritional support.
There have been limited Australian studies on the sociodemographic pro®les of Meals on Wheels consumers. (Stuckey et al, 1984 , Pargeter et al, 1986 , Northern Sydney Area Health Service, 1993 . The majority of consumers were women aged 75 years and over. Similar to the ®ndings by De Graff et al (1990) more MOW consumers lived alone when compared to the total elderly population. People who live alone are more likely to experience decreased psychological well-being resulting in inadequate dietary intake (Davis et al, 1990) .
The risk of malnutrition has been identi®ed to be greater in elderly subjects of lower socio-economic status (Davis et al, 1990) .
Other factors known to negatively affect the nutritional status of the elderly include lack of mobility, social isolation, poor subjective health rating and no physical activity (Krondl et al, 1982) . Poor oral health, polypharmacy, depression, impaired cognition and underlying disease can all impact negatively on nutritional status in the elderly (Morley 1995) .
Nutritional status of meals on wheels consumers
There is a consensus in the literature that there is a paucity of data on the nutritional status of the home-bound elderly and other Meals on Wheels consumers. Studies in MOW consumers generally con®rm that they are a population at risk for poor nutritional status (Stevens et al, 1992; Stuckey et al, 1984; Lipschitz et al, 1985; Coulston et al, 1996; Steele & Bryan, 1986) . However, there is no correlation between studies on the method of nutritional assessment and no consensus on the most accurate way to assess nutritional status of MOW consumers. In Australia, limited studies have been conducted to assess the nutritional status of MOW consumers. These Australian studies base assessments of nutritional status on the dietary intakes of consumers rather than nutritional screening tools. Stuckey et al (1984) studied the diets of 124 MOW consumers and Activity Centre attendees in Sydney using a four day combination diet recordarecall method. They found that in the male Meals on Wheels group, 70% ate less than their dietary requirement (RDI) for protein and about 30% ate less than their dietary requirement (RDI) for calcium, iron, thiamine and ribo¯avin. The females were also at nutritional risk although less so than the males, with 70% of subjects eating less than their dietary requirement (RDI) for protein and 80 and 40% respectively for iron and calcium. The authors conclude that a signi®cant proportion of the MOW population may be at nutritional risk, particularly house-bound males. However, they do state that nutritional status cannot be accurately assessed for individuals by dietary intakes alone.
A Victorian study (Pargeter et al, 1986) of 124 MOW consumers used a combination 24 h recall and 3 day dietary record method to measure nutrient intake. Similar to Stuckey et al (1984) , they found that greater than 55% of MOW consumers had protein and calcium intakes below the dietary requirement (RDI). In addition, the authors found low zinc intakes.
In both the above studies, consumers who were confused or severely handicapped were excluded. As these MOW consumers would probably be even more nutritionally vulnerable, the studies may in fact, underestimate the nutritional risk experienced by MOW consumers.
However, as noted above determining the number of consumers with intakes below their dietary requirements (RDI) does not imply the number at risk of nutritional de®ciency. Further screening is necessary to con®rm nutritional de®ciencies.
Overseas studies support the ®ndings that the majority of the home-bound elderly have poor diets. A Northern Californian study (Stevens et al, 1992) found that 70% of MOW consumers had intakes below 66% of their dietary requirement (RDA) for three or more nutrients. This was signi®cant because at levels less than 70% of their dietary requirement for a particular nutrient, subjects are de®ned to be at nutritional risk for that nutrient. (National Health and Medical Research Council, 1995) The authors suggest nutrient intakes would improve if the meal policy were structured to allow for more individualised meals to accommodate the preferences and nutritional requirements of the consumer.
A study performed in Minnesota, USA (Asp & Darling, 1988) on 27 MOW consumers found that calcium, B vitamins and energy intakes were less than 67% of their dietary requirement (RDA). Importantly, foods eaten in addition to the home-delivered meals provided low levels of these nutrients. The authors supported the ®ndings of previous studies that nutrition education is necessary for consumers to help improve overall dietary intakes. However, the impact of nutrition education on the food choices of MOW consumers has not been evaluated in the literature. Validation of this relationship is necessary before such recommendations can be conclusive. Owen (1992) found that the mean nutrient intakes of 44 female MOW consumers in Toronto were inadequate in calcium and energy. He highlighted the fact that Recommended Daily Allowances are based on the needs of mobile, healthy elderly subjects and may not be the best estimate of the nutrient needs of the home-bound elderly. Further research is required to determine appropriate recommendations for this more nutritionally vulnerable group. In addition, consideration needs to be given to the optimal macronutrient composition of delivered meals. Increasing the nutrient density of meals (i.e. the fat content) in the nutritionally vulnerable may be an appropriate way to ensure consumers get adequate energy (Olin et al, 1996) .
In addition to diet records and recalls, nutritional screening protocols have also been used to assess the nutritional status of MOW consumers (Lipschitz et al, 1985 . Coulston et al, 1996 . Herndon, 1995 . Northern Sydney Area Health Service, 1992 . They allow the identi®cation of those atrisk so that the resources available for interventions can be used effectively and provide more accurate measures of nutritional status than do the total nutrient intakes of consumers. Limited studies have been conducted on the extent to which individual Meals on Wheels services comply with the Guidelines. Pargeter et al (1986) found that nutrient intakes from delivered meals did not ful®l the Commonwealth Department of Health's recommendations for energy, protein, calcium and zinc. MOW meals did make substantial contributions to the diets of consumers for several nutrients, including iron, Vitamin A and Vitamin C.
A study (Northern Sydney Area Health Service, 1993) found that meal sizes differed considerably between four MOW services. Portion control seemed to be governed bỳ the dimensions of the foil meal tray and the judgements of the catering staff about appropriate serving sizes for their clientele.' Consistent with the Victorian study, calcium and zinc were low and thiamine, ribo¯avin and magnesium were marginal.
The Commonwealth guidelines (1977) suggest how to achieve the nutrient recommendations via a food guide which details suggested servings from the Five Food Groups for each meal. The basis for the nutrient recommendations is not discussed in the Guidelines. Indeed the appropriateness of the Guidelines themselves has not been formally reviewed since 1977 despite the Recommended Dietary Intakes for Australians (National Health and Medical Research Council, 1991) being reviewed in this period. For instance, the guidelines do not include any ®gures related to dietary ®bre. Lo et al (1989) ) found that the contribution of the delivered meals to the intake of dietary ®bre was in proportion to the over-all contribution to dietary energy but was beloẁ desirable' levels (25 ± 30 g ®breaday). However, the practicality of the elderly achieving 25 ± 30 g ®breaday is questionable. Recommendations are needed on the amount of dietary ®bre to be provided by MOW meals.
Studies conducted overseas use different nutritional guidelines than those recommended in Australia and thus it is dif®cult to directly compare outcomes. For example, the Hawaii Meals on Wheels program is mandated by federal regulation to provide 1a3 rd of the Recommended Dietary Allowance per meal for an adult male. Despite these lower guidelines, certain nutrients such as protein (Davies et al, 1975) , zinc (Bunker et al, 1986 ) and calcium (Asp & Darling, 1988) were still identi®ed as being of concern in evaluations of meals. Asp & Darling (1988) evaluated the nutrient content of the Minneapolis Home-Delivered Meals Program in the United States over a 6-year period. Meals were compared with federal guidelines for meal pattern and serving size. As in Australian studies, meal serving size guidelines were not always met. Problems included no delivery of milk with the meals and variations in serving sizes for meat, fruit, vegetables and dessert. Recommendations were made each year to increase serving sizes for meat, vegetables, fruits and dessert to meet the guidelines, to add variety in the kinds of vegetables and fruits, to include high calcium foods, and to deliver milk with the meals. Whilst these problems may be unique to this program, the results highlight the need for nutritional assessment of the menu to ensure nutritional goals are met.
In contrast, a similar study undertaken on the effectiveness of the Hawaii Meals on Wheels program (Shovic & Geoghegan, 1997 ) from 1991 ± 1995 had more favourable results. They found that food portions and the nutrient content of meals studied met federal regulations.
Suggestions have been made, that provision of nutrition services to the home-bound elderly may be lagging behind need. A study conducted in the United States (Steele & Bryan, 1986 ) comparing 32 consumers and 22 non-consumers of MOW found that the two groups did not signi®cantly differ in their nutritional intakes. The consumers included 28 women and four men who received home-delivered meals ®ve days per week. The non-consumers included 17 women and ®ve men who were on a waiting list to receive the meals as soon as adequate funding became available. The study found that more than 50% of all subjects consumed less than the RDA for vitamin A, ribo¯avin, calcium, phosphorus and iron. However, to assess the impact of the provision of Meals on Wheels it would be more meaningful to compare the same subject's intake before and after receiving the meals. Further studies are needed with larger numbers to determine the success of the MOW program in improving the dietary intakes of their consumers.
Several studies (Davis et al, 1975 , Bunker et al, 1986 , Asp & Darling 1988 suggest potential areas for improvement in home-delivered meals. The addition of skim milk to sauces or casseroles, the inclusion of more fresh fruit instead of fruit juice and the inclusion of leaner meat may help increase the total provision of vitamins, minerals and ®bre (Baghurst, 1989) . Quality control procedures should be instigated to ensure recommendations regarding minimum serving sizes are followed (Bunker et al, 1986) .
Meal consumption
One of the most important factors in the Meals on Wheels program is to provide meals which are eaten. Meal utilisation may be de®ned as`the part of the delivered meal that was consumed' (Owen, 1992) . To confer the expected nutritional bene®ts it is important that a high percentage of the meal is eaten. In Australia, reports on the nutritional assessment of home-delivered meal programs generally do not discuss the amount of supplied food that is actually consumed.
One study in Canada (Fogler-Levitt et al, 1995) found that meal utilisation in terms of energy of the consumed portion of the delivered meal was 81%. No recommendation was made regarding acceptable levels of meal utilisation.
Soups and desserts were the meal components that were most well utilised and it was suggested that these could serve as vehicles for incorporating additional nutrients for which consumers may be at risk of inadequacy.' Reasons for non-utilisation of home-delivered meal components included dislike of the food because of poor taste, unpopular cooking method, disagreeable texture and unfamiliarity. The conclusions encouraged assessment of consumer needs and preferences in regard to the menu to minimise waste. However, the study did not examine the relationship between accommodating consumer preferences and reduced waste.
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Another study in Canada (Owen, 1992) found that the mean consumption of all nutrients examined was approximately 75%. The authors concluded that measuring meal utilisation is important to provide impetus for maximising food acceptance and determining appropriate meal serving sizes.
The time-consuming nature of measuring meal utilisation may account for the lack of Australian studies. Delayed consumption patterns of home-delivered meals (Lau et al, 1994) makes it hard to assess the amount of the meal being consumed although in both the above studies an attempt to account for this was made.
In summary, assumptions that all supplied food is consumed by the consumer may over-estimate the nutritive value provided by the meal. Assessment of consumer likes and dislikes and acceptability of meals may be important in minimising waste.
Consumer satisfaction with meals on wheels meals Consumer acceptability of delivered meals is important if meals are to make a nutritional impact. As previously discussed, one way of measuring acceptability is via meal consumption. However, evaluation of the perceived quality of the meals by the consumers is another important indicator of consumer satisfaction.
There is widespread agreement in the literature that gauging opinion about meal quality is dif®cult. This is attributed to respondents fearing exclusion from the service if they express criticism (De Graaf et al, 1990) . There is also the view that Meals on Wheels is a charity and, as such, cannot be expected to provide top quality meals (Northern Sydney Area Health Service, 1993). Indeed, De Graaf et al (1990) recommend that`more research should be focused on the methodology of obtaining reliable and valid answers concerning the perceived quality of meals. ' In Australia, two studies (Pargeter et al, 1986 ; Northern Sydney Area Health Service, 1993) made some assessment of consumer satisfaction with the Meals on Wheels meals using consumer administered questionnaires. Eighty-six per cent of consumers reported that they`usually' or`always' enjoyed the Meals on Wheels meal. Similar results were reported by the Northern Sydney study which found that 84% of subjects judged the meal to be`good' or`excellent'.
Perceived intolerance of vegetables offered by the Meals on Wheels program may also in¯uence consumer acceptability of meals. A study in Canada (Zimmerman & Krondl, 1987) found that cooked vegetables were better tolerated than raw ones and the Brassica genus of vegetables, most notably cabbage, were least tolerated. However, the authors also found that some of the well tolerated and acceptable tasting vegetables in this study were not available to Meals on Wheels participants. They concluded that programs for the elderly should offer a wide variety of nutritious vegetables and make exceptions only in con®rmed cases of intolerance or disease-related problems. The results illustrate the importance of a system of consumer feed-back to ascertain the acceptability of all components of the meal.
In summary, consumer satisfaction with Meals on Wheels services is dif®cult to judge. Indeed Muir Gray in his book`Evidence Based Health Care' suggests the assessment of satisfaction, although necessary, is not suf®-cient. Making a judgement about the quality of the consumer's experience of care is also important (Muir Gray, 1997) . He outlines a checklist for the appraisal of instruments used to assess consumer satisfaction. Focus groups and face-to-face interviews may help to ascertain the consumer's experience of care.
Food safety
Quality control of meals in any food service is important to prevent microbial growth. However the more vulnerable nature of MOW consumers makes this even more critical for MOW services. There have been two reports in the literature of food poisonings associated with Meals on Wheels meals (Jephcott et al, 1977; Jakubovic & Hochuli, 1996) . In both cases, deaths were reported. It is possible that less severe forms of food poisoning occur more frequently, but fail to be reported.
The report of the Victorian MOW Evaluation Committee (Pargeter et al, 1986) recommended that all MOW services be required to hold and deliver hot meals at temperatures greater than 60 C. This is similar to recommendations in the United States where temperatures of greater than 60 are recommended for hot foods prior to eating (Asp & Darling, 1988) .
Studies conducted in Australia and overseas on the temperature and delivery times of home-delivered meals generally ®nd that the meals fail to meet their targets. The majority of delivered meals monitored in a Melbourne metropolitan MOW service did not meet the target temperature of above 60 C (Pargeter et al, 1986) . Holding times also exceeded those speci®ed (`90 min) ranging from 93 ± 196 min.
Temperatures of hot foods monitored in a MOW program in Minnesota (USA) were over a wider range than desirable, varying from 90 ± 140 F (32.2 C ± 60 C) (Asp & Darling, 1988) . Similar ®ndings were made as part of an assessment of the Hawaii MOW program where the mean temperatures of hot food items at pick-up time were initially 112.6 F (44.8 C) (Shovic & Geoghegan, 1997) . Other aspects of the service that may affect food safety are the hygiene practices of those involved in food preparation and the food storage practices of the consumers. It is widely acknowledged that delayed consumption patterns of home-delivered meals coupled with poor storage practices create further risks in terms of food safety (Northern Sydney Area Health Service, 1993; Pargeter et al, 1986; Lau et al, 1994) .
Recommendations to improve food safety in MOW programs include: (i) Ensuring that MOW meals are packaged at appropriate temperatures and delivered in a speci®ed time period (Pargeter et al, 1986) ; (ii) Education of providers on food handling and safety (Shovic & Geoghegan, 1997) ; (iii) Education of consumers on appropriate food storage and reheating practices (Northern Sydney Area Health Service, 1993); and (iv) Consideration of alternative food service systems such as cookachill or cookafreeze (Lau et al, 1994) .
Overview of programs related to the provision of nutritional advice
There are a number of programs discussed in the literature related to the provision of nutritional advice to providers and consumers of Meals on Wheels services. Kraak (1995) states that nutrition education activities should be planned and evaluated as part of a nutritional needs assessment. Focus groups could be held with the providers and consumers of Meals on Wheels programs to identify issues related to nutrition knowledge and food safety (Northern Sydney Area Health Service, 1992). In order to ensure that nutritional intervention and advice is provided to consumers most at risk, screening programs have been implemented in some services. The screening tools may take the form of self-assessment check-lists which are easy to use and can be completed by the elderly person andaor family (Herndon, 1995) , or a full nutrition assessment including anthropometric measurements, dietary intake and collection of blood samples which is performed by a dietitian (Coulston et al, 1996) . Studies in the United States report the nutritional status of MOW consumers as determined by a variety of screening tools. Herndon (Herndon, 1995) described a self-assessment checklist developed as part of a joint initiative by the American Association of Family Physicians, the American Dietetic Association and the National Council on Aging. The checklist, which had been previously validated, found that 33% of the 245 respondents were at high nutritional risk. Those at moderate and high nutritional risk were then visited by a Dietitian for further screening and nutrition counselling as part of Level Two of the nutritional screening. Coulston et al (1996) compared two screening tools for the assessment of nutritional risk. The authors suggested that dietetic professionals can play an integral role in ensuring identi®cation of risk and appropriate intervention by monitoring screening programs for Meals on Wheels consumers, providing assessment for those identi®ed at risk and providing relevant nutritional advice.
There are no published Australian studies using nutritional screening tools to survey the nutritional status of MOW consumers. The Northern Sydney Area Health Service has developed a consumer nutrition assessment guide (Northern Sydney Area Health Service, 1992) intended for use by a team member with no prior nutrition knowledge. The guide identi®es problems which may call for further nutrition education, but studies have not been published on the use of the tool or any formal evaluation.
In summary, nutrition screening and intervention programs can be valuable tools for inclusion in a Meals on Wheels program to direct limited nutrition education resources to those at highest risk.
Nutrition Education of Consumers: As previously discussed, the nutrient intakes of Meals on Wheels consumers may be poor due to the low nutrient density of foods eaten in addition to that provided by Meals on Wheels. As a result, several studies have identi®ed the need for nutrition programs targeted at consumers to improve their food choices (Northern Sydney Area Health Service, 1993; Pargeter et al, 1986; Asp & Darling, 1988) .
Nutrition messages provided with home-delivered meals were trialed in a pilot nutrition project in Minneapolis (USA) (Asp & Darling, 1988) . Fifteen messages that emphasised positive health bene®ts were ®eld tested. When 79 meal consumers who received nutrition messages were surveyed by telephone, 50% found the message, 40% read the message and 25% found the information helpful. The authors concluded that this approach to distributing nutrition information was labour intensive and expensive for the bene®ts derived. No assessment was made as to whether the nutrition message actually led to a change in behaviour.
The Northern Sydney Area Health Service has developed a booklet as a guide to nutrition for Meals on Wheels consumers (Northern Sydney Area Health Service, 1992). The booklet covers practical aspects of food safety, a nutrition checklist and suggestions for meals in addition to that provided by Meals on Wheels. A formal evaluation of the booklet has not yet been conducted.
Individualised nutrition counselling is the most common means of providing nutrition education to consumers. Dietary advice was provided if consumers were identi®ed as at high risk (Coulston et al, 1996 . Herndon, 1995 or if they were on special diets (Herndon, 1995) . The success of this in improving the nutritional status of the consumer needs further evaluation.
Overall, there is a consensus in the literature that the nutrition education of at risk Meals on Wheels consumers is an important part of the service. More evaluation is needed in Australia of education programs to assess their impact. Consideration needs to be given to the implementation and evaluation of programs for people from Non-English speaking back-grounds.
Nutrition Education of Providers: Nutrition education and food safety programs are essential for all those involved in the provision of Meals on Wheels services. Recommendations have been made to increase the basic nutrition knowledge of kitchen staff, delivery staff and home help in order to improve the nutritional status of the consumer (Stevens et al, 1992; Northern Sydney Area Health Service, 1993; Pargeter et al, 1986) . However, little has been published regarding programs relating to the provision of nutrition advice for Meals on Wheels providers.
The Northern Sydney Area Health Service has developed a manual for Meals on Wheels coordinators, cooks and catering of®cers to aid in improving their nutritional knowledge (Northern Sydney Area Health Service, 1992). The authors suggest that a training program should be part of the implementation of the manual.
Food handling and safety programs for providers are mentioned in a number of studies but details on these programs are scarce (Shovic & Geoghegan, 1997; Topping et al, 1995) . Walter et al (1997) identi®es a number of critical control points that should be addressed in a food safety training program in a group home situation. Aspects of this may be applied to a Meals on Wheels service.
In summary, further research is needed to assess current nutrition and food safety education programs for Meals on Wheels providers.
Discussion
Meals on Wheels is an important service in Australia, providing meals to housebound individuals. While the effectiveness of the program is dependent upon a range of variables, the nutritional impact of the service and the standard of food hygiene are fundamental assessment criteria.
Although Meals on Wheels-related research is limited, several issues which have been related to the nutrition and food safety have been identi®ed: Meals on Wheels: An Australian perspective J Krassie et al
Nutritional needs
The literature suggests that the nutritional status of consumers is associated with demographic and socio-economic factors as well as menus which accommodate individual consumers' needs and preferences.
An assessment of nutritional needs of consumers must also address other issues such as the nutritional value of the menu. The analysis of the menu is complicated by the lack of current national guidelines. Ideally, standards which account for the latest nutritional knowledge would be available as a basis for the development of a menu assessment tool for Meals on Wheels.
Dif®culties associated with obtaining reliable data on portion sizes and levels of meal consumption further hinder the accurate evaluation of the nutritional status of consumers. As consumer satisfaction with the service affects consumption and therefore nutritional status, the development of assessment tools to assess the quality of the consumer's experience of the service would be useful.
Food safety
The proposed ANZFA national food hygiene reforms (ANZFA 1998) will impact signi®cantly on the procedures of all food service operations including Meals on Wheels.
Recommendations in the literature related to food safety indicate that the monitoring of time and temperature standards as well as training will be key strategies to ensuring a safe food supply.
Training
The literature consistently recommends nutrition and food safety training and education for providers and consumers. While education programs have been implemented, the evaluation of these programs with respect the consumer's nutritional status and the provision of a safe food supply has not been documented. The effect of these programs on nutritional status and food safety needs to be assessed with respect to their impact on food choice, nutritional intake and food safety.
